Introduction
Publicly-funded science is required to achieve as many as possible of the three pillars for successful science − that it should increase knowledge, enhance wealth creation and contribute to the quality of life (Wiig, 1997) . Given limited and decreasing resources for environmental research (Borja and Elliott, 2013) , it is of paramount importance that the available resources are spent as efficiently as possible and it is recognised that the contribution of research councils and programmes to the generation of evidence to inform policy-making should be enhanced (Holmes and Harris, 2010; Leith et al., 2014 ). An obstacle in doing so is the large gap between science and policy (Engels et al., 2006; Graffy, 2008; Ormerod and Carleton Ray, 2016) that is characterised by weaknesses in (1) relevance, i.e. is the collective new knowledge created in environmental research programmes useful for solving specific environmental problems? (2) dissemination, i.e. do the new solutions to specific environmental problems reach all knowledge users in an appropriate way? (3) practical implementation, i.e. is the new scientific information utilised in decision-making and environmental management?
To achieve the highest relevance of environmental scientific results for societal needs there is a strong demand that 'science should inform policy' but also that 'policy should inform science ' (Borja et al., 2016) . Accordingly, it is imperative that the requirement for science is informed by the diverse group of stakeholders (in this paper defined as both science producers and users). Another problem in this context is fragmentation of research (Balietti et al., 2015) , i.e. key resources are wasted through duplication, dispersion and overlapping among countries, groups, projects, disciplines and topics. Fragmentation is partly induced by absent or insufficient research coordination and because funding sources are diverse and uncoordinated (public, private, national, international, fundamental science, applied science, etc.). Furthermore, there is a notable dilemma between academic career-building and societal needs; in the academic world scientists are graded on the number of primary papers they publish and dissemination of their results elsewhere is given lesser weight. This conspires to produce fragmented science and little synthesis. Furthermore, 'salami-publishing', the ability to get as many papers as possible from a piece of research (Karabag and Berggren, 2016) , creates even more fragmentation. Academic career-building may also cause fragmentation due to lack of collaborative spirit among scientists who prefer to highlight their 'own research' rather than collaborate or cite the papers from their peers. Delivery problems are further associated with the inability to produce interdisciplinary science (Mattor et al., 2014; Reid and Mooney, 2016) , here including inter-, multi-and trans-disciplinary science in the sense of Bernard et al. (2006), since most scientists are rewarded and encouraged to focus on single disciplines and few have the possibility and breadth of knowledge across fields for linking social and natural sciences.
To achieve the most effective dissemination of environmental scientific results the information channels and contents need to be tailored to the audience. Given the urgency to solve many of today's environmental problems to restore ecosystem health, communication must also be as fast as possible so that all stakeholders, both science producers and users, are able to quickly use newly produced scientific results (Mea et al., 2016; Newton and Elliott, 2016) , but in many research programmes not all channels for achieving this are opened. This problem is shown in 'The Dissemination Diamond', a concept that was introduced to describe the volume of the information produced and used by different actors in society, ranging from 140-character messages reaching the general public to 140-character messages disseminated by world leaders, with in-between these two extremes an information maximum of 10-300 pages scientific documents (Elliott et al., 2017) . At the information maximum, it is a requirement that evidence-based decisionmaking is made after quality-assurance (peer review) of the science that produced the evidence and subsequent publication in the scientific literature. When scientific results are not disseminated in this way, they remain largely unavailable and so the funding does not contribute to the progress of science nor to evidence-based decision-making. However, this form of dissemination is usually not accessible for knowledge users in society unless the papers are published in 'Open Access', and policy-makers often do not have the time, inclination or facilities to access academic literature. As a result, scientists essentially rely on peer-reviewed articles in international journals, consultants on consultant reports which often are unpublished and not openly peer-reviewed, whilst policy-makers rely on unpublished government reports, occasional self-commissioned reports and very few international, peerreviewed scientific papers. Although the borders between the different groups of professionals partly overlap, the dynamics of the information flows within science-policy interactions with respect to credibility, relevance, legitimacy and iteration (Heink et al., 2015; Sarkki et al., 2015) are usually far from ideal.
Finally, the practical implementation of environmental scientific information for the benefit of society may suffer from a range of obstacles. Even if the scientific results from a research programme are relevant for solving environmental problems, and they do reach policy-makers, it is not certain that they are actually used. This is often related to semantic confusion (Bigard et al., 2017), objectivity conceptions (Kunseler and Tuinstra, 2017), disagreement among scientists (Woodcock et al., 2017) and/or uncertainty of the results (Maxim and van der Sluijs, 2011; Udovyk and Gilek, 2013; Van Pelt et al., 2015) . Policy requires wellinformed syntheses, which are still scientifically valid but valuable to the user. However, funding usually goes to individual research projects without leaving sufficient means to produce overarching syntheses targeted to societal knowledge use -synthesis is then left to the reader. There are good examples of balanced overviews where scientific results are put into context with respect to stakeholder interests and inclusive towards the scientific society, such as the reports from the International Panel on Climate Change (IPCC, 2015; Yamineva, 2017) . However, these types of syntheses from environmental research programmes are still rare and in this paper we strongly argue for producing knowledge syntheses that are relevant and legitimate within the scope of environmental research programmes, not only reporting the results produced by the projects but also putting them in perspective with the wider scientific literature and providing credibility, relevance, and legitimacy to science-users in society for specific environmental problems.
In order to address the above challenges and, in particular, to tackle the problem of inefficiency and fragmentation of European research funding and policy, in 2000 the European Union launched the European Research Area process (ERA; Muldur et al., 2006; Nedeva and Wedlin, 2015) . This new process was founded on the observation that over 90% of European research funding was governed at the national level, while only a minor part was channelled to truly transnational projects through the EU Framework Programmes of Research (FPs). Starting from FP6 (the Sixth Framework Programme), new funding instruments (ERA-NET+, ERA-NET Cofund) were established for research programme owners and managers.
1 The aim was to bring national research funders from different countries together to agree on common research strategies within various scientific fields, agree about launching and managing joint calls and funding transnational projects. The ERA was novel in directing research more towards resolving societal challenges and facilitating the transfer of science input to policies by involving stakeholders (science-producers and users) in designing and implementing strategic research agendas (Luukkonen, 2015) .
Here we explore to what extent the ERA research policy process, which aims to reduce science fragmentation and to bridge the gap between science and policy through coordination and cooperation, has met the expectations within the BONUS research programme (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) (2018) (2019) (2020) , one of the first ERA programmes, which integrates and coordinates the funding for Baltic Sea research previously used to support isolated national projects and programmes in the eight EU Baltic Sea states. The objectives of our study were: (1) to evaluate the relevance of the science produced by the BONUS-funded projects in addressing the environmental challenges faced by the Baltic Sea ecosystem and how the BONUS programme has been instrumental in this, (2) to evaluate the dissemination from the BONUS-funded projects to peers and society until December 2016, including the influence of the BONUS programme on research topics and scientific quality of Baltic Sea research, and (3) to discuss how the practical implementation of scientific results from environmental research programmes may become better integrated in society through funding syntheses addressing specific societal needs as conducted within the BONUS programme. As such, we emphasise that this exercise has lessons for environmental science coordination, dissemination and implementation in general.
1 An existing mechanism, stipulated by Article 169 (later Art. 185) in the Treaty of the European Union was not used before the ERA. The main reason was immaturity of the national funding institutions to step into this legislative action. One Article 169 (the number changed to 185 in 2010) programme was implemented within FP6 and four more, including BONUS, within FP7.
